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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a cutting tool 
excellent in abrasion 

resistance etc., and a manufacturing method therefor. 

SOLUTION: This cutting tool contains silicon nitride as 
a matrix, 10-20 wt . % 

titanium nitride, 3-5 wt.% alumina, and 5-15 wt . % yttria, 
and has a matrix 

phase consisting of the silicon nitride, a hard phase 
consisting of the 

titanium nitride, a glass phase existing in a grain 
boundary phase, and a 

crystal phase existing in the grain boundary phase. A 
ratio R(=B/A) of a 

maximum peak A of the silicon nitride by X-ray diffraction 
to a maximum peak B 



of the crystal phase other than the silicon nitride and the 
titanium nitride by 

X-ray diffraction is in the range of 0.05 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dcunages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cutting tool which makes a 

silicon nitride a matrix, and its manufacture method. 

[0002] 

[Description of the Prior Art] Conventionally, many sintered compacts which make a silicon nitride a 
matrix (base material) are developed. For example, the silicon-nitride hotpress sintered compact 
containing one sort chosen from a titanium nitride and a tantalum nitride or two sorts is proposed by 
jp^60-48475,B. 

[0003] Moreover, apart from this, the silicon nitride tool which makes a silicon nitride and a charcoal 
titanium nitride a subject is indicated by JP,9-268071,A, and this kind of silicon nitride tool is used for 
processing (cutting) of cast iron parts etc, 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, although the silicon nitride tool mentioned 
above was used also for cutting of a superalloy in addition to cutting of cast iron parts, since thermal 
conductivity of the superalloy was bad, there was a problem that the tool edge of a blade tends to be 
filled with heat. 

[0005] That is, when edge-of-a-blade temperature rose, softening of a grain-boundary phase progressed 
among each phase (a matrix phase, a hard phase, grain-boundary phase) of the organization which 
constitutes a tool, and there was a problem that the abrasion resistance of a tool fell, this invention is 
proposed in view of the above-mentioned trouble, and it aims at offering the cutting tool excellent in 
abrasion resistance etc., and its manufacture method. 
[0006] 

[Means for Solving the Problem] (1) Invention of the claini 1 for attaining the aforementioned purpose 
A silicon nitride is made into a matrix. Titanium-nitride: 10-20 % of the weight, alumina:3-5 % of the 
weight, Yttria : while having the matrix phase which is a cutting tool containing 5 - 15 % of the weight, 
and consists of the aforementioned silicon nitride, the hard phase which consists of the aforementioned 
titanium nitride, the glass phase which exists in a grain-boundary phase, and the crystal phase which 
exists in the aforementioned grain-boundary phase a ratio with the maximum peak B of the 
aforementioned crystal phases other than the maximum peak A of the aforementioned silicon nitride by 
the X diffraction, the aforementioned silicon nitride, and a titanium nitride ~ R,(=B/A) makes a 
summary the cutting tool characterized by being the range of 0.05<=R<=0.6 
[0007] ** Although the cutting tool of this invention is a nature sintered compact of a silicon nitride 
which makes a silicon nitride a matrix (namely, base material which is a principal component) and 
titanium-nitride: 10-20 % of the weight, alumina:3-5 % of the weight, and yttria:5-15 % of the weight are 
included in addition to this silicon nitride, the effect that abrasion resistance increases to the matrix of a 
silicon nitride especially by excelling in thermal conductivity, and making a titanium nitride with little 
coefficient of friction contain, and composite-izing is acquired. 
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[0008] Hereafter, the reason of numerical limitation of each component is explained. 

< titanium nitride: If the content of a titanium nitride with the high abrasion resistance to 10 - 20 % of 

the weight > molten metal is less than 10 % of the v^eight, wear-resistant improvement is not enough, 

and since there is an inclination for a degree of sintering to fall, on the other hand when it exceeds 20 % 

of the weight, a titanium nitride is a range with 10-20 most desirable % of the weight. 

[0009] < alumina: Since a degree of sintering will fall if the content of a 3 - 5 % of the weight > alumina 

is less than 3 % of the weight, a degree of hardness will fall on the other hand if it exceeds 5 % of the 

weight, and abrasion resistance deteriorates, an alumina is a range with 3-5 most desirable % of the 

weight. 

[0010] < yttria: If it exceeds 15 % of the weight, since a degree of sintering will fall if the content of a 5 
- 15 % of the weight > yttria is less than 5 % of the weight, and a crystal phase will increase on the other 
hand, a yttria is a range with 5-15 most desirable % of the weight. 

[001 1] In addition, when a cutting tool consists only of a silicon nitride, a titanium nitride, an alumina, 
and a yttria substantially, weight % of a silicon nitride becomes a titanium nitride, an alumina, and the 
remainder of sum total weight % of a yttria. 

** In addition to the composition of the aforementioned composition, by this invention, it has four sorts 
of phase structures again. That is, they are the matrix phase (base material phase) which consists of a 
silicon nitride, the hard phase which consists of a titanium nitride, the glass phase which exists in a 
grain-boundary phase, and the crystal phase which exists in a grain-boundary phase. Although the state 
of these four phases is typically shown in drawing 1 , a grain-boundary phase exists between a matrix 
phase and a hard phase, and this grain-boundary phase consists of a glass phase and a crystal phase. 
[0012] In this invention, since the amount of glass phases in a grain-boundary phase decreased, even 
when edge-of-a-blade temperature rises by existence of the crystal phase by crystallization of a part of 
this grain-boundary phase, softening of a grain-boundary phase will be reduced and the effect that 
abrasion resistance improves is acquired as a result. 

[0013] ** a ratio with the maximum peak B of crystal phases other than the maximum peak A of a 
silicon nitride further acquired according to the X diffraction by this invention, a silicon nitride, and a 
titanium nitride ~ R (^B/A) is set as the range of 0.05<=R<=0.6 In addition, the peak in a crystal phase 
is included in a crystal phase, for example, shows the amount of a known crystal like [ Y8Si4N 4014 
and 3018NS of Y10aluminum2Si ] 4 and YlOSiTN 4023, or a strange crystal. 
[0014] and the ratio of the aforementioned peak ~ the effect that there will be too few amounts of a 
crystal phase and they will suppress softening of the aforementioned grain-boundary phase if R is less 
than 0.05 ~ few ~ abrasion resistance — a low On the other hand, if the ratio R of a peak exceeds 0.6, 
there will be too many amounts of a crystal phase and toughness will fall, therefore, the ratio of the 
aforementioned peak ~ R is a range with most desirable 0.05<=R<=0,6 

[0015] that is, composition of four components which mentioned this invention above, the composition 
of four sorts of phases, and the ratio of a peak ~ since it has R, it is the cutting tool excellent in abrasion 
resistance and toughness 

(2) Invention of a claim 2 makes [ the aforementioned crystal phase ] the cutting tool of a publication a 
summary at the aforementioned claim 1 characterized by including J phase. 

[0016] this invention illustrates the composition of a crystal phase and contains J phase, i.e., Y8Si, 4N 
4014 as a crystal phase. Therefore, since the glass phase of a grain-boundary phase decreases and it 
becomes the high crystal of the melting point, it is effective in softening of the grain-boundary phase in 
an elevated temperature being suppressed. 

(3) Invention of a claim 3 makes a summary the aforementioned claim 1 characterized by the 
aforementioned cutting tool being an object for cutting of a superalloy, or a cutting tool given in 2. 
[0017] this invention illustrates the use of a cutting tool. That is, by this invention, although thermal 
conductivity of a superalloy is bad and the edge of a blade of a cutting tool tends to be filled with heat, 
since it has the composition mentioned above, even when carrying out cutting of the superalloy and 
edge-of-a-blade temperature rises, softening of a grain-boundary phase is suppressed and the 
outstanding abrasion resistance can be demonstrated. 
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[0018] Here, a superalloy is usually an alloy which is equal to the use in an elevated temperature of 650 
degrees C or more, and, specifically, are things, such as an alloy of a high temperature service with 
which Fe component of alloy composition makes a principal component the thing of alloy [ 50 or less % 
of the weight of], nickel, and Co system. As this superalloy, the Inconel of nickel machine alloy, 
WASUPAROI, etc. are mentioned, for example. 

[0019] In addition, the cutting tool of this invention is especially desirable although nickel machine 
alloy (an Inconel, WASUPAROI) mentioned above is cut. As these cutting conditions, the following 
range is suitable. 

Cutting speed : V= 100 - 500 m/min (preferably 200 - 400 m/min) 
Feed per revolution : f= 0.05 - 0.4 mm/rev (preferably 0.1 - 0,3 mm/rev) 
Infeed : d= 0.05mm or more (preferably 0.1mm or more) 

(4) Let the cutting tool of a publication be a summary at either of the aforementioned claims 1-3 to 
which invention of a claim 4 is characterized by the aforementioned cutting tool having a cutting edge 
between a rake face and a flank. 

[0020] this invention illustrates the configuration of a cutting tool and for example, the rectangular 
parallelepiped configuration equipped with the cutting edge between the rake face and the flank is 
mentioned. Moreover, the thing of various kinds of configurations, such as the shape of a square pilaster 
of a rhombus and the shape of a cylindrical shape with a circular rake face side triangular triangle pole 
configuration and rake face side, is mentioned for a rake face side besides it. 
[0021] (5) Invention of a claim 5 is the manufacture method of a cutting tool given in either of the 
aforementioned claims 1-4, and makes a summary the manufacture method of the cutting tool 
characterized by performing ordinary-pressure sintering in nitrogen atmosphere. Since this invention can 
manufacture the nature sintered compact of a silicon nitride by illustrating the manufacture method of a 
cutting tool, fabricating the material adjusted here so that it might become the composition of 
composition of the aforementioned cutting tool etc., and carrying out ordinary-pressure sintering in 
nitrogen atmosphere, let it be a cutting tool by performing post processing, such as after that, for 
example, polish etc. 

[0022] This ordinary-pressure sintering has the advantage that manufacture is easy compared with HIP 
and a cutting tool can be manufactured at cost with it. [ a low therefore manufacturing cost and ] [ low ] 
In addition, when manufacturing the nature sintered compact of a silicon nitride suitable for the cutting 
tool only by ordinary-pressure sintering, it is necessary to choose appropriately composition (therefore, 
composition of a cutting tool) of the material. It is desirable to specifically choose material from which 
composition of a cutting tool serves as less than [ TiN: 10 % of the weight ], more than sintering-acid:6 
% of the weight, and remainder: Si3N4. 

[0023] (6) Let the manufacture method of the cutting tool a publication be a summary at the 
aforementioned claim 5 characterized by invention of a claim 6 performing gas ****** in nitrogen 
atmosphere after the aforementioned ordinary-pressure sintering, cases other than specific composition - 
- usually - ordinary-pressure sintering (primary sintering) ~ accepting it ~ coming out ~ as a cutting 
tool ~ enough - precise-izing ~ since a sintered compact is hard to be obtained the bottom (for 
example, 95% or less of a theoretical density ratio), in this invention, gas ****** is performed in 
nitrogen atmosphere as secondary sintering Thereby, the sintered compact which fully turned precisely 
is obtained (for example, a theoretical density ratio 98% or more). 

[0024] Thus, the sintered compact which fully turned precisely can be manufactured by the low cost by 
combining ordinary-pressure sintering and gas ******. in addition, as conditions for gas ******^ 
although nitrogen atmosphere is adopted, the pressure of the nitrogen atmosphere is five to 100 
atmospheric pressure, and the range of burning temperature of 1600-1800 degrees C is desirable. 
[0025] (7) Let the manufacture method of the cutting tool a publication be a summary at the 
aforementioned claim 5 characterized by invention of a claim 7 performing sintering by HIP (Hot 
Isostatic Press : hot isostatic press) after the aforementioned ordinary-pressure sintering. 
[0026] it mentioned above - as ~ usually - ordinary -pressure sintering (primary sintering) ~ accepting 
it ~ coming out ~ as a cutting tool ~ enough - precise-izing ~ since a sintered compact is hard to be 
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obtained the bottom, in this invention, sintering by HIP is performed as secondary sintering Thereby, the 
sintered compact which fully turned precisely is obtained (theoretical density ratio 95% or more). 
[0027] Thus, the sintered compact which fully turned precisely can be manufactured by combining 
ordinary-pressure sintering and sintering by HIP. In addition, as conditions for sintering by HIP, 
although nitrogen atmosphere is adopted, the pressure of the nitrogen atmosphere is 1000 to 2000 
atmospheric pressure, and the range of burning temperature of 1500-1800 degrees C is desirable. 
[0028] 

[Embodiments of the Invention] Hereafter, the example (example) of the cutting tool of this invention 
and the gestalt of operation of the manufacture method is explained with reference to a drawing. 
(Example) In this example, the cutting tool which consists of a nature sintered compact of nitrogen 
silicon used for cutting of a superalloy, and its manufacture method are mentioned as an example. 
[0029] a) Explain the cutting tool of this example first. As shown in drawing 2 , the cutting tool 1 of this 
example is the negative chip of ISO specification: SNGN 120408 configuration. Specifically, the cutting 
tool 1 is equipped with the cutting edge 7 which is each side between the rake face 3 of the vertical 
direction of drawing 2 , the flank 5 of the four way type by the side of the side, and a rake face 3 and a 
flank 5, and the length of a cutting edge 7 is the chip of the rectangular parallelepiped whose thickness 
of 12.7mm and a cutting tool 1 is 4.76mm respectively. In addition, beveling processing (chamfer 
processing) is given to the cutting edge 7. 

[0030] Moreover, the cutting tool 1 of this example consists of a nature sintered compact of a silicon 
nitride which makes a silicon nitride a matrix (base material), and has composition of the silicon- 
nitride:remainder titanium-nitride: 10-20 % of the weight, alumina:3-5 % of the weight, and yttria:5-15% 
of the weight, furthermore, a ratio with the maximum peak B of crystal phases other than the maximum 
peak A of a silicon nitride by the X diffraction while this cutting tool 1 is equipped with the matrix 
phase which consists of a silicon nitride, the hard phase which consists of a titanium nitride, the glass 
phase which exists in a grain-boundary phase, and the crystal phase which exists in a grain-boundary 
phase, a silicon nitride, and a titanium nitride ~ R (=B/A) is the tool of the range of 0.05<=R<=0.6 
[003 1] b) Next, explain the manufacture method of the cutting tool 1 of this example. Weighing capacity 
of the silicon-nitride (Si3N4) powder (more than rate =of alpha99%) of the principal component of 0,5 
micrometers of mean particle diameters, the yttria (Y203) powder of 0.8 micrometers of mean particle 
diameters, and the alumina (aluminum 203) powder of 0.4 micrometers of mean particle diameters is 
carried out to the blending ratio of coal (example of this invention) shown in the following table 1 so 
that it may become the composition range of the aforementioned cutting tool 1. 

[0032] Next, using the ball made from an alumina, and the wall pot made from an alumina, wet-blending 
trituration is carried out in an ethanol solvent for 16 hours, and let this material that carried out weighing 
capacity be a slurry. Next, water-bath dryness of this slurry is carried out, the organic binder of a micro 
wax system which dissolved in ethanol is added 3.5% of the weight by the solid-content ratio, and it 
mixes with a RAIKAJ machine. 

[0033] Next, after carrying out press forming of the acquired base so that it may become ISO 
specification:SNGN120408 configuration, in the nitrogen atmosphere set as one atmospheric pressure, it 
heats at 800 degrees C for 60 minutes, and a ** wax is performed. Next, primary sintering is performed. 
This primary sintering sinters by heating for 4 hours at 1700 degrees C in the nitrogen atmosphere of an 
ordinary pressure (one atmospheric pressure). 

[0034] Next, gas ****** performs secondary sintering. In the nitrogen atmosphere set as 75 atmospheric 
pressure, this secondary sintering is heated at 1750 degrees C for 4 hours, may be replaced with that it is 
what sinters, in addition gas ****** of this secondary sintering, and may perform sintering by HIP. 
Secondary sintering by this HIP sinters by heating for 4 hours at 1700 degrees C in the nitrogen 
atmosphere set as 1000 atmospheric pressure. 

[0035] Next, on conditions (example of this invention) as show the nature sintered compact of a silicon 
nitride obtained by making it this appearance in the following table 1, it heat-treats in nitrogen 
atmosphere and crystallization of a grain-boundary phase is promoted. Next, a cutting tool 1 is 
completed by carrying out the grinding process of this silicon-nitride sintered compact to ISO 
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specification: SNGNl 20408 configuration, 

[0036] c) Next, explain the example of an experiment which went to the well which checks the effect of 
the cutting tool of the range of this invention. First, the cutting tool of the example of this invention 
(sample No. 1-4) and the example of comparison (sample No.5-10) was produced on the conditions 
shown in the following table 1 as a cutting tool used for an experiment. In addition, the configuration of 
a cutting tool is ISO specification: SNGNl 20408. 

[0037] And the (following i) physical property ability evaluation and (ii) cutting-ability ability 
evaluation were performed to these cutting tools of sample No. 1-10. 

(- i) <physical property ability evaluation> - the kind of the density of a sintered compact, a micro 
pore, a degree of hardness, toughness, the peak ratio R (the amount of crystal phases), and crystal phase 
was searched for as follows The result is described in the following table 1. 
[0038] ** (Density) 

The density of a sintered compact was measured by the Archimedes method. And it asked for the 
theoretical density ratio of a sintered compact from the density. Moreover, the micro pore carried out 
mirror polishing of the sintered-compact cross section, observed it under the 200 times as many 
microscope as this, and was measured by CIS-006B specification. 
[0039] ** (A degree of hardness and toughness) 

Mirror polishing of the field as for which the sintered compact carried out grinding was carried out, the 
Vickers indenter was pushed in by the 30kg pushing load, the diagonal length and the crack length of an 
indentation were measured, and Vickers hardness (based on JIS R1610) and the fracture toughness value 
(based on JIS R1607 (the IF method)) were calculated. 
[0040] ** ((R) Peak ratio (the amount of crystal phases)) 

The X diffraction over the polished surface of a sintered compact was performed, and it asked for the 
peak ratio R. For example, when an X diffraction as shown in drawing 3 is acquired, the maximum peak 
B (=1 (GB max)) of crystal phases other than the maximum peak A of a silicon nitride (=1 (Si3N4 max)), 
a silicon nitride, and a titanium nitride is measured, and it asks for the peak ratio R (=B/A=I(GB max)/I 
(Si3N4 max)). 

[0041] In addition, drawing 3 is a graph as a result of the X diffraction which took intensity [cps] along 
the vertical axis and took 2theta [**] along the horizontal axis, and the peak ratio R is 0.48 in drawing 
3 . 

** (Kind of crystal phase) 

Moreover, the kind of crystal phase was investigated by making each peak acquired according to the 
aforementioned X diffraction contrast with the peak of a known material, and investigating it. 
[0042] (ii) As shown in <cutting-ability ability evaluation> drawin g 4 , it machined by moving a cutting 
tool in the direction of arrow A on condition that the following to the front face by the side of the outer 
diameter of the rotating cylindrical shape-like **-ed material. And the wear state (frank abrasion loss 
after an one pass) of the tool edge of a blade in that case and the generating situation of KAKE were 
investigated. The result is described in the following table 1. 
[0043] (Cutting conditions) 

**-ed material quality-of-the-material: ~ **-ed [ Inconel 718 ] material configuration: - outer-diameter 
phi300mmx length a cutting speed of 100mm : V=300 m/min feed per revolution : f=0.15 mm/rev ~ 
cutting deeply : d= 1.0mm dryness and moisture : WET [0044] 
[Table 1] 
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[0045] In addition, in the composition phase of a sintered compact, O of Si3N4 shows existence of a 
matrix phase, and O of TiN shows existence of a hard phase in the aforementioned table 1. Moreover, H 
A J which shows J phase of a crystal phase indicates Y8Si4N 4014 and an A phase to be indicates 4 and 
H phase to be 3018Ns of Y10aluminum2Si is Y10Si7N4O23, and Uk is a strange phase. 
[0046] Furthermore, in addition to primary sintering, that with which ordinary-pressure sintering and ** 
are HIPs and ** of the sintering method indicates gas ****** and ** to be for them by + performs 
secondary sintering. In addition, in the sintering method of sample No. 7, quick cooling was performed 
and maintenance was heat-treated at 1400 degrees C by the sintering method of sample No.8 for 12 
hours in nitrogen 1 atmospheric pressure. 

[0047] Moreover, A2 of a micro pore shows micro pore 0.02 volume %, and AS shows micro pore 0.6 
volume %. the Ming kana from this table 1 sample No. 1-4 which have the crystal phase of the 
specified quantity hidden predetermined peak ratio R are [ like ] excellent in abrasion resistance in the 
titanium nitride which is an example of this invention Moreover, it has a moderate degree of hardness 
and moderate toughness, and a chipping does not occur in the case of an experiment, but sample No. 1-4 
are suitable. 

[0048] If there is much abrasion loss when there are too few titanium nitrides (example sample No. of 
comparison 5), and there are too many titanium nitrides (example sample No.of comparison 6), since it 
becomes hard, it becomes weak and the edge of a blade chips to it, it is not desirable. Moreover, if there 
is too little crystallization of a grain-boundary phase (example sample No.of comparison 7), wear will 
increase, and conversely, if there is too much crystallization (example sample No.of comparison 8), 
since toughness is insufficient and it results in a chipping, it is not desirable. 

[0049] Furthermore, since abrasion resistance is bad when it will be made precise only 94% if there are 
few sintering acids (example sample No.of comparison 9), but there are many sintering acids (example 
sample No.of comparison 10), it is not desirable. In addition, it cannot be overemphasized by this 
invention that it can carry out in various modes in the range which is not limited to the aforementioned 
example at all and does not deviate from the summary of this invention. 
[0050] 

[Effect of the Invention] composition of four components which mentioned the cutting tool of this 
invention above as explained in full detail above, the composition of four sorts of phases, and the ratio 
of a peak - since it has R, it is the cutting tool which was excellent in abrasion resistance and toughness 
with moderate composite-izing of a silicon nitride and a titanium nitride, and moderate crystallization of 
a grain-boundary phase 

[0051] Moreover, the cutting tool which has the outstanding performance mentioned above by the 
manufacture method of the cutting tool of this invention can be easily manufactured by the low cost. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, many sintered compacts which make a silicon nitride a 
matrix (base material) are developed. For example, the silicon-nitride hotpress sintered compact 
containing one sort chosen from a titanium nitride and a tantalum nitride or two sorts is proposed by 
jp^60-48475,B. 

[0003] Moreover, apart from this, the silicon nitride tool which makes a silicon nitride and a charcoal 
titanium nitride a subject is indicated by JP,9-268071,A, and this kind of silicon nitride tool is used for 
processing (cutting) of cast iron parts etc. 

[Translation done.] 
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3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] composition of four components which mentioned the cutting tool of this 
invention above as explained in full detail above, the composition of four sorts of phases, and the ratio 
of a peak ~ since it has R, it is the cutting tool which was excellent in abrasion resistance and toughness 
with moderate composite-izing of a silicon nitride and a titanium nitride, and moderate crystallization of 
a grain-boundary phase 

[0051] Moreover, the cutting tool which has the outstanding performance mentioned above by the 
manufacture method of the cutting tool of this invention can be easily manufactured by the low cost. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] (1) Invention of the claim 1 for attaining the aforementioned purpose 
A silicon nitride is made into a matrix. Titanium-nitride: 10-20 % of the weight, alumina:3-5 % of the 
weight, Yttria : while having the matrix phase which is a cutting tool containing 5 - 15 % of the weight, 
and consists of the aforementioned silicon nitride, the hard phase which consists of the aforementioned 
titanium nitride, the glass phase which exists in a grain-boundary phase, and the crystal phase which 
exists in the aforementioned grain-boundary phase a ratio with the maximum peak B of the 
aforementioned crystal phases other than the maximum peak A of the aforementioned silicon nitride by 
the X diffraction, the aforementioned silicon nitride, and a titanium nitride - R (=B/A) makes a 
summary the cutting tool characterized by being the range of 0.05<=R<=0.6 
[0007] ** Although the cutting tool of this invention is a nature sintered compact of a silicon nitride 
which makes a silicon nitride a matrix (namely, base material which is a principal component) and 
titanium -nitride: 10-20 % of the weight, alumina:3-5 % of the weight, and yttria:5-15 % of the weight are 
included in addition to this silicon nitride, the effect that abrasion resistance increases to the matrix of a 
silicon nitride especially by excelling in thermal conductivity, and making a titanium nitride with little 
coefficient of friction contain, and composite-izing is acquired. 
[0008] Hereafter, the reason of numerical limitation of each component is explained. 
< titanium nitride: If the content of a titanium nitride with the high abrasion resistance to 10 - 20 % of 
the weight > molten metal is less than 10 % of the weight, wear-resistant improvement is not enough, 
and since there is an inclination for a degree of sintering to fall, on the other hand when it exceeds 20 % 
of the weight, a titanium nitride is a range with 10-20 most desirable % of the weight. 
[0009] < alumina: Since a degree of sintering will fall if the content of a 3 - 5 % of the weight > alumina 
is less than 3 % of the weight, a degree of hardness will fall on the other hand if it exceeds 5 % of the 
weight, and abrasion resistance deteriorates, an alumina is a range with 3-5 most desirable % of the 
weight. 

[0010] < yttria: If it exceeds 15 % of the weight, since a degree of sintering will fall if the content of a 5 
- 15 % of the weight > yttria is less than 5 % of the weight, and a crystal phase will increase on the other 
hand, a yttria is a range with 5-15 most desirable % of the weight. 

[001 1] In addition, when a cutting tool consists only of a silicon nitride, a titanium nitride, an alumina, 
and a yttria substantially, weight % of a silicon nitride becomes a titanium nitride, an alumina, and the 
remainder of sum total weight % of a yttria. 

** In addition to the composition of the aforementioned composition, by this invention, it has four sorts 
of phase structures again. That is, they are the matrix phase (base material phase) which consists of a 
silicon nitride, the hard phase which consists of a titanium nitride, the glass phase which exists in a 
grain-boundary phase, and the crystal phase which exists in a grain-boundary phase. Although the state 
of these four phases is typically shown in drawing 1 , a grain-boundary phase exists between a matrix 
phase and a hard phase, and this grain-boundary phase consists of a glass phase and a crystal phase. 
[0012] In this invention, since the amount of glass phases in a grain-boundary phase decreased, even 
when edge-of-a-blade temperature rises by existence of the crystal phase by crystallization of a part of 
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this grain-boundary phase, softening of a grain-boundary phase will be reduced and the effect that 
abrasion resistance improves is acquired as a result. 

[0013] ** a ratio with the maximum peak B of crystal phases other than the maximum peak A of a 
silicon nitride further acquired according to the X diffraction by this invention, a silicon nitride, and a 
titanium nitride ~ R (=B/A) is set as the range of 0.05<=R<=0.6 In addition, the peak in a crystal phase 
is included in a crystal phase, for example, shows the amount of a known crystal like [ Y8Si4N 4014 
and 3018NS of Y10aluminum2Si ] 4 and YlOSiTN 4023, or a strange crystal. 
[0014] and the ratio of the aforementioned peak - the effect that there will be too few amounts of a 
crystal phase and they will suppress softening of the aforementioned grain-boundary phase if R is less 
than 0.05 ~ few - abrasion resistance ~ a low On the other hand, if the ratio R of a peak exceeds 0.6, 
there will be too many amounts of a crystal phase and toughness will fall, therefore, the ratio of the 
aforementioned peak ~ R is a range with most desirable 0.05<=R<=0.6 

[0015] that is, composition of four components which mentioned this invention above, the composition 
of four sorts of phases, and the ratio of a peak ~ since it has R, it is the cutting tool excellent in abrasion 
resistance and toughness 

(2) Invention of a claim 2 makes [ the aforementioned crystal phase ] the cutting tool of a publication a 
summary at the aforementioned claim 1 characterized by including J phase. 

[0016] this invention illustrates the composition of a crystal phase and contains J phase, i.e., Y8Si, 4N 
4014 as a crystal phase. Therefore, since the glass phase of a grain-boundary phase decreases and it 
becomes the high crystal of the melting point, it is effective in softening of the grain-boundary phase in 
an elevated temperature being suppressed. 

(3) Invention of a claim 3 makes a summary the aforementioned claim 1 characterized by the 
aforementioned cutting tool being an object for cutting of a superalloy, or a cutting tool given in 2, 
[0017] this invention illustrates the use of a cutting tool. That is, by this invention, although thermal 
conductivity of a superalloy is bad and the edge of a blade of a cutting tool tends to be filled with heat, 
since it has the composition mentioned above, even when carrying out cutting of the superalloy and 
edge-of-a-blade temperature rises, softening of a grain-boundary phase is suppressed and the 
outstanding abrasion resistance can be demonstrated. 

[0018] Here, a superalloy is usually an alloy which is equal to the use in an elevated temperature of 650 
degrees C or more, and, specifically, are things, such as an alloy of a high temperature service with 
which Fe component of alloy composition makes a principal component the thing of alloy [ 50 or less % 
of the weight of], nickel, and Co system. As this superalloy, the Inconel of nickel machine alloy, 
WASUPAROI, etc. are mentioned, for example. 

[0019] In addition, the cutting tool of this invention is especially desirable although nickel machine 
alloy (an Inconel, WASUPAROI) mentioned above is cut. As these cutting conditions, the following 
range is suitable. 

Cutting speed : V= 100 - 500 m/min (preferably 200 - 400 m/min) 
Feed per revolution : f= 0.05 - 0.4 mm/rev (preferably 0.1 - 0,3 mm/rev) 
Infeed : d= 0.05mm or more (preferably 0.1mm or more) 

(4) Let the cutting tool of a publication be a summary at either of the aforementioned claims 1-3 to 
which invention of a claim 4 is characterized by the aforementioned cutting tool having a cutting edge 
between a rake face and a flank. 

[0020] this invention illustrates the configuration of a cutting tool and for example, the rectangular 
parallelepiped configuration equipped with the cutting edge between the rake face and the flank is 
mentioned. Moreover, the thing of various kinds of configurations, such as the shape of a square pilaster 
of a rhombus and the shape of a cylindrical shape with a circular rake face side triangular triangle pole 
configuration and rake face side, is mentioned for a rake face side besides it. 
[0021] (5) Invention of a claim 5 is the manufacture method of a cutting tool given in either of the 
aforementioned claims 1-4, and makes a summary the manufacture method of the cutting tool 
characterized by performing ordinary-pressure sintering in nitrogen atmosphere. Since this invention can 
manufacture the nature sintered compact of a silicon nitride by illustrating the manufacture method of a 
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cutting tool, fabricating the material adjusted here so that it might become the composition of 
composition of the aforementioned cutting tool etc., and carrying out ordinary-pressure sintering in 
nitrogen atmosphere, let it be a cutting tool by performing post processing, such as after that, for 
example, polish etc. 

[0022] This ordinary-pressure sintering has the advantage that manufacture is easy compared with HIP, 
and a manufacturing cost is low, therefore a cutting tool can be manufactured at low cost. In addition, 
when manufacturing the nature sintered compact of a silicon nitride suitable for the cutting tool only by 
ordinary-pressure sintering, it is necessary to choose appropriately composition (therefore, composition 
of a cutting tool) of the material. It is desirable to specifically choose material from which composition 
of a cutting tool serves as less than [ TiN:10 % of the weight ], more than sintering-acid:6 % of the 
weight, and remainder: Si3N4. 

[0023] (6) Let the manufacture method of the cutting tool a publication be a summary at the 
aforementioned claim 5 characterized by invention of a claim 6 performing gas ****** in nitrogen 
atmosphere after the aforementioned ordinary-pressure sintering, cases other than specific composition - 
- usually ~ ordinary -pressure sintering (primary sintering) — accepting it ~ coming out — as a cutting 
tool ~ enough ~ precise-izing ~ since a sintered compact is hard to be obtained the bottom (for 
example, 95% or less of a theoretical density ratio), in this invention, gas ****** is performed in 
nitrogen atmosphere as secondary sintering Thereby, the sintered compact which fully turned precisely 
is obtained (for example, a theoretical density ratio 98% or more). 

[0024] Thus, the sintered compact which fully turned precisely can be manufactured by the low cost by 
combining ordinary-pressure sintering and gas ******. In addition, as conditions for gas ******^ 
although nitrogen atmosphere is adopted, the pressure of the nitrogen atmosphere is five to 100 
atmospheric pressure, and the range of burning temperature of 1600-1800 degrees C is desirable. 
[0025] (7) Let the manufacture method of the cutting tool a publication be a summary at the 
aforementioned claim 5 characterized by invention of a claim 7 performing sintering by HIP (Hot 
Isostatic Press : hot isostatic press) after the aforementioned ordinary-pressure sintering. 
[0026] it mentioned above — as ~ usually ~ ordinary -pressure sintering (primary sintering) ~ accepting 
it ~ coming out — as a cutting tool ~ enough ~ precise-izing — since a sintered compact is hard to be 
obtained the bottom, in this invention, sintering by HEP is performed as secondary sintering Thereby, the 
sintered compact which fully turned precisely is obtained (theoretical density ratio 95% or more). 
[0027] Thus, the sintered compact which fully turned precisely can be manufactured by combining 
ordinary-pressure sintering and sintering by HIP. In addition, as conditions for sintering by HIP, 
although nitrogen atmosphere is adopted, the pressure of the nitrogen atmosphere is 1000 to 2000 
atmospheric pressure, and the range of burning temperature of 1500-1800 degrees C is desirable. 
[0028] 

[Embodiments of the Invention] The cutting tool of the following and this invention, and the example of 
the gestalt of operation of the manufacture method 

[Translation done.] 
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